The dynamics of the momentum distribution and the reduced single-particle density matrix (RSPDM) of a Tonks-Girardeau gas is studied in the context of Bragg-reflections of a manybody wavepacket. The possibility of constraining atomic gases to one-dimensional (1D) geometries has lead to experimental realizations of exactly solvable 1D models describing interacting bose gases; one such system is the Tonks-Girardeau (TG) gas [1] that was observed in 2004 [2, 3] . One particularly interesting aspect of this 1D system is its nonequilibrium dynamics. A recent experiment studying nonequilibrium dynamics of a 1D interacting bose gas (including the TG regime) has shown that its momentum distribution does not need to relax to thermodynamic equilibrium even after numerous collisions [4] .
Rb atoms in the potential V p (x) = V 0 cos 2 (πx/D) (for parameters see [10] ). The TG many-body wavefunction ψ B is constructed from single particle (SP) fermions wavefunctions ψ m (x, t) as described by famous Fermi-Bose mapping [1] . We find it illustrative to compare time-evolution of the the bosonic MD n B (k, t), and the MD of a related system of noninteracting fermions n F (k, t), as it illustrates the influence of the interactions/wavefunction symmetry on this observable [1] . The localized initial many-body wave packet is such that the initial expectation value of the SP momentum k = dk k n B (k, 0) is exactly at the edge of the Brillouin zone k = π/D (see Fig. 1(b) ).
Figure 1(a) shows n F (k, t) in the initial stage of the evolution, and after long-time propagation (when the gas is already well-dispersed over the ring). A sharp peak beating up-down at the edge of the 1st Brillouin zone (BZ) k = −π/D arises from Bragg reflections. Figure 1 (a) up shows n F (k, 0) and Fourier spectra of a few lowest fermionic NOs [10] that experience Bragg reflections[see dot-dashed curve in Fig. 1(b) up], which reflects onto n F (k, t) [10] .
The bosonic MD n B at t = 0 is shown in Fig. 1(b) . The sharp peak of n B (k, 0) is located exactly at the edge of the Brillouin zone, and it is much sharper than the peak of n F (k, 0). Fig. 1(c) , which shows a contour plot of the bosonic MD n B (k, t) for N = 25 bosons propagating in the potential V p , clearly shows that signature of Bragg reflections is absent despite of such n B (k, 0) shape. The signature is absent both at the beginning of the motion, when the wavepacket is still localized, and after it spreads over the ring. Our simulation clearly depicts that when the momentum is being transferred by the lattice to the TG gas (but keeping k B = k F ), it redistributes among bosons; this leads to a smooth distribution without a beating Bragg-reflection peak, and with small changes in its shape. Unlike the fermionic NOs, the low-order bosonic NOs do not display Bragg-reflection peaks due to strong (nonlinear) coupling arising from interactions [see dot-dashed curve in Fig. 1(b) down] . However, Bragg-reflection peaks can be obtained for a smaller density of the TG gas (see Figure 1(d) ); in this case the MD undergoes fermionization [9] . a2301_1.pdf QWA4.pdf ©OSA 1-55752-834-9 Further insight into Bragg reflections of the TG many-body wavepacket follows from the behavior of the bosonic NOs φ i and their occupancies λ i . Initially (t = 0), a few of the leading NO occupancies are fairly large [see Fig.  2(a) ], which is characteristic for a cold Bose gas. However, when the evolution begins, the low order λ i s rapidly decrease, while the number of NOs with non-negligible occupations increase [ Fig. 2(a) ]. Figure 2(b) illustrates the time-evolution of the Shannon entropy S(t) = − i p i log p i , where p i (t) = λ i (t)/N , for different lattice depths V 0 ; the entropy S increases faster, and saturates at a higher value for a deeper lattice. Figure 2 (c) shows bosonic (fermionic) quantum correlations function µ F,B (x, x , t), at t = 0 and t = 34.5 ms; in contrast to µ B , the correlations of noninteracting fermions are not considerably changed during evolution. Figures 2(a)-(c) clearly illustrate the dynamical loss of coherence of the TG wavepacket, which is more rapid for a deeper lattice. This results from the interplay of the many-body interactions and scattering from the lattice. Namely, interactions couple bosonic NOs thereby, for a deeper lattice, the initial wavepacket effectively excites a larger number of system's eigenstates so it is more irregular; this is illustrated in Fig. 2(d) which shows the diagonal of the RSPDM represented in the Bloch-wave basis for two different lattice depths.
Before closing, we note that the dynamics of the TG gas is related to the paraxial propagation of partially-incoherent light (PIL) beams in linear 1D photonic structures [11] . Furthermore, the behavior of partially-condensed weaklyinteracting Bose gases is similar to PIL in noninstantaneous nonlinear media [12] . These facts motivate us to explore the recently observed phenomena with incoherent light in photonic lattices [13] , within the context of quantumdynamics of interacting bosons.
In conclusion, we have studied dynamics of the RSPDM correlations and related observables for a TG manybody wavepacket undergoing Bragg-reflections. We found that dynamics of the momentum distribution considerably depends on the interactions/wavefunction symmetry.
